The Central Indian Tectonic Zone (CITZ) is a Proterozoic suture along which the Northern and Southern Indian Blocks are inferred to have amalgamated forming the Greater Indian Landmass. In this study, we use the metamorphic and geochronological evolution of the Gangpur Schist Belt (GSB) and neighbouring crustal units to constrain crustal accretion processes associated with the
constrains the sedimentation to the Palaeo/Mesoproterozoic, while tectonothermal overprints have been dated at 1.59-1.50 Ga, c. 1.3 Ga and 1.0-0.90 Ga Rekha et al., 2011) . Rekha et al. (2011) proposed a two-stage tectonic model for the evolution of the North Singhbhum Mobile Belt and the CGC involving accretion of the North Singhbhum Mobile Belt to the Singhbhum craton at 1.59-1.56 Ga, followed by the collision of the Singhbhum craton-North Singhbhum Mobile Belt composite with the CGC at 1.0-0.90 Ga. The GSB sandwiched between the Singhbhum craton and the CGC to the west of the North Singhbhum Mobile Belt comprises greenschist to amphibolite facies quartzite, conglomerate, schist, phyllite, calcsilicate rocks, meta-dolomite, and metavolcanic rocks intruded by basic dykes/sills and granitoids (Chowdhury, 2002; Kanungo & Mahalik, 1972; Vishwakarma & Sengupta, 1997) . A prominent Neoproterozoic tectonothermal event in the schist belt has been dated at 1.0-0.96 Ga (Bhattacharya et al., 2016; Chowdhury & Lentz, 2011) .
Together with the CGC, the North Singhbhum Mobile Belt, the GSB, and the Shillong Plateau Gneissic Complex, the CITZ forms a >1,500 km long E-W/ENE-WSW-trending orogenic domain that holds the key to understanding crustal amalgamation processes during the Proterozoic assembly of the Greater Indian Land Mass (Figure 1b,c) . The timing and the tectonic models of accretion of the Northern and the Southern Indian Block along the CITZ are widely debated with some studies (e.g., Jain et al., 1991; Mishra et al., 2000; Yedekar et al., 1990) suggesting southerly subduction of the Northern Indian Block below the Southern Indian Block between 2.1 and 1.8 Ga. Others advocate northerly subduction of the Southern Indian Block below the Northern Indian Block, with continent-continent collision at 1.6-1.5 Ga (Acharyya, 2003; Roy & Prasad, 2003) and reworking/remobilization of the collisional zone at c. 1.0 Ga (Acharyya, 2003) . Mohanty (2010 Mohanty ( , 2012 on the other hand suggested that the Northern Indian Block and the Southern Indian Block amalgamated at c. 1.80 Ga forming the Satpura Mountain Belt. Roy et al. (2006) proposed rifting of northern margin of the Southern Indian Block at c. 1,400 Ma and amalgamation of Southern Indian Block and Northern Indian Block at c. 1,100 Ma. In contrast, Naganjaneyulu and Santosh (2010) argued for c. 1.60 Ga double-sided subduction-accretion-collision history of the CITZ involving northward/north-westward subduction of the Dharwar and Bhandara Craton in the eastern and central part of the CITZ and southward subduction of the Bundelkhand Craton in the northern part of the suture. In contrast, Chattopadhyay and Khasdeo (2011) proposed suturing of the Northern Indian Block and the Southern Indian Block along the Tan-Gavilgarh Shear Zone due to transpressional tectonics during oblique collision of the two blocks at c. 1.1 Ga. Bhowmik et al. (2011 suggested that the earliest amalgamation event in the CITZ occurred between 1.60 and 1.42 Ga, forming an accretionary orogen. This was followed by continent-continent collisional orogeny between 1.06 and 0.94 Ga leading to the suturing of the Northern Indian Block and the Southern Indian Block. Clearly, the gamut of available geological evidence suggests a polychronous evolution of the CITZ involving several tectonothermal and magmatic events from the Palaeoproterozoic to the Neoproterozoic. However, the geodynamic significance of these events in the context of the amalgamation of the Northern and the Southern Indian Block is still contentious. This has implications for the debate on whether a fully assembled Greater Indian Landmass was a part of the Rodinia supercontinent or not (e.g., Bhowmik, Bernhardt, & Dasgupta, 2010) .
The reason for the large diversity in the proposed timing and the mechanisms of crustal accretion processes across the CITZ is largely due to lack of detailed petrological studies integrated with high-precision geochronology from several parts of the suture zone. In this study, we present a detailed account of the tectonothermal evolution of the GSB, an important crustal unit that links the CITZ and the North Singhbhum Mobile Belt. We use conventional mineral thermobarometry (Table 1) as well as pseudosection modelling, and U-Th-Pb monazite and U-Pb zircon geochronology to constrain the P-T-t histories of the rocks. This is integrated with U-Pb zircon age constraints from the Singhbhum craton and the CGC to understand the tectonic and geodynamic processes in the eastern part of the CITZ.
| REGIONAL GEOLOGICAL SETTING

| The Singhbhum craton
The Singhbhum craton comprises Palaeoarchean (3.47-3.30 Ga; Acharyya, Gupta, & Orihashi, 2010; Dey et al., 2017; Goswami, Misra, Wiedenbeck, Ray, & Saha, 1995; Misra et al., 1999; Moorbath, Taylor, & Jones, 1986; Nelson, Bhattacharya, Thern, & Altermann, 2014; Tait et al., 2011; Upadhyay, Chattopadhyay, Kooijman, Mezger, & Berndt, 2014) tonalite-trondhjemite-granodiorite rocks of the Older Metamorphic Tonalite Gneisses and the Singhbhum Granite batholith (Mukhopadhyay, 2001; Saha, 1994; Saha, Ray, Ghosh, Mukhopadhyay, & Dasgupta, 1984) , intrusive into >3.50 Ga (Goswami et al., 1995) supracrustal sequence of interlayered metaigneous (ortho-amphibolites) and metasedimentary (pelitic schists, quartzites, paraamphibolites) rocks belonging to the Older Metamorphic Group (Mukhopadhyay, 2001; Saha, 1994; Figure 1a,b) . The orthogneisses/granitoids and the supracrustal rocks underwent an early phase of high-grade metamorphism at 3.30-3.28 Ga followed by low-grade metamorphic events at 3.19-3.12 Ga synchronous with the emplacement of younger felsic plutons such as the Mayurbhanj Granite (3.1 Ga; Misra et al., 1999) . Mild imprints of metamorphic episodes at c. 2.52 Ga are also recorded by zircon in the gneisses and granitoids (Upadhyay et al., 2014) . The Archean crystalline basement is flanked by three greenstone belt successions, collectively referred to as the Iron Ore Group, exposed along the eastern (Gorumahisani-Badampahar), western (Noamundi-Jamda-Koira) and southern (Tomka-Daitari) perimeter of the craton. These comprise low-grade volcano-sedimentary rocks such as Banded Iron Formation, chert, shale, carbonate, and associated mafic and felsic volcanic rocks (Acharyya, 1993; Mukhopadhyay, 2001; Saha, 1994) possibly deposited between c. 3.51 and 3.20-3.10 Ga (Misra et al., 1999; Mukhopadhyay et al., 2008; Paul, Mukhopadhyay, Pyne, & Bishui, 1991) . The craton is rimmed by a semicircular belt of molasse sediments forming the Dhanjori and Kolhan Groups in the north and the west (Sarkar, 1982) .
| The North Singhbhum Mobile Belt
The North Singhbhum Mobile Belt forms an arcuate belt of polymetamorphosed and multiply-deformed metasedimentary and metavolcanic rocks to the north of the Singhbhum craton (Figure 1b ). It has been subdivided into two domains, separated by the Dalma metaigneous suite consisting of greenschist to amphibolite facies mafic/ultramafic rocks, rhyolite, acid tuff, and interlayered deep sea euxinic sediments. To the north of the Dalma metaigneous suite, the North Singhbhum Mobile Belt comprises a thick sequence of phyllite and schist, interlayered with quartzite, quartz-schist, carbon-phyllite, and chert, whereas to the south of the Dalmas, schist, quartzite, and phyllite are intercalated with mafic volcanic rocks and granite-granodiorite plutons Sarkar, Ghosh, & Lambert, 1985) . The southern domain experienced at least three phases of deformation (D 1 , D 2 , and D 3 ) and metamorphism (M 1 , M 2 , and M 3 ) where M 1 is pre-S 2 , M 2 is syn-S 2 , and M 3 is syn-to post-S 3 . The M 2 P-T condition increases from <5 to 6 kbar, 500-600°C (Lal, Ackermand, & Singh, 1987; Lal & Singh, 1978; Sengupta, Mukhopadhyay, Sengupta, & Hoffbauer, 2005) in the southern part of the domain to 10 kbar, 620°C close to the contact with the Dalma metaigneous suite. The U-Th-Pb chemical ages from monazite in schist and quartzite cluster tightly at 1.59-1.55 Ga and are correlated with the M 1 metamorphism Rekha et al., 2011) . The greenschist facies M 3 metamorphism has been related to the exhumation of the orogen at c. 1.3 Ga . The overall metamorphic grade of the North Singhbhum Mobile Belt rocks to the north of the Dalma metaigneous suite is greenschist facies which increases to garnet-, staurolite-, and kyanite-bearing amphibolite facies close to the sheared contact with the CGC. The prograde P-T conditions for syn-tectonic garnet staurolite schist hosted in the marginal shear zone is estimated at 7 ± 1 kbar, 620 ± 50°C . Monazite spot ages from metapelites in the northern domain of the North Singhbhum Mobile Belt yield an age of 957 ± 17 Ma .
| The Chhotanagpur Gneiss Complex
The CGC is a~500 km long and~200 km wide belt of rocks in eastern India (Figure 1a,b) . It is bound to the south by the South Purulia Shear Zone, to the north by Quaternary Indo-Gangetic alluvium, and to the east by the Rajmahal Traps and the Bengal Basin. The gneiss complex consists of a basement of unknown age (possibly >1,750 Ma) dominated by felsic gneisses and migmatite with enclaves of pelitic and calcsilicate supracrustal rocks and mafic granulites Karmakar et al., 2011; Maji et al., 2008; Rekha et al., 2011; Sanyal & Sengupta, 2012; Sanyal et al., 2007) . Metapelitic and granulitic enclaves from the southern and central parts of the gneiss complex yield P-T estimates of 4 kbar, 600°C (Mishra et al., 2007 ) and 4-6 kbar, 750-850°C respectively (Bhattacharya & Mukherjee, 1987; Maji et al., 2008; Manna & Sen, 1974; Sen & Bhattacharya, 1993) . The basement gneisses were intruded by porphyritic granite between 1,750 and 1,660 Ma (U-Pb in zircon; Saikia et al., 2017) . The rocks were subject to deformation and high-grade metamorphism (5-7 kbar, 700-800°C) leading to partial melting and the formation of the regional S 1 gneissic fabric at c. 1,650 Ma (U-Pb zircon ages: Dey et al., 2017; monazite chemical ages: Sanyal & Sengupta, 2012) . This was followed by the emplacement of the Saltora anorthosite pluton at c. 1,550 Ma , and the intrusion of charno-enderbitic felsic magmas at c. 1,450 Ma in an extensional regime. A second phase of granulite facies metamorphism (6.5 ± 1 kbar, 700 ± 50°C) along a clockwise P-T path at 1,000-950 Ma led to renewed partial melting and formation of S 2 gneissic fabric (Chatterjee & Ghose, 2011; Chatterjee et al., 2008; Dey et al., 2017; Karmakar et al., 2011; Maji et al., 2008; Mukherjee et al., 2017; Rekha et al., 2011; Sanyal et al., 2007) . Rifting after the Grenville-age tectonothermal event led to the emplacement of nepheline syenite, alkali syenite, porphyritic granite, and mafic dykes at c. 922 Ma. The closure of the rift basin due to compressional tectonics during continent-continent collision between 900 and 780 Ma formed the regional S 3 fabric at amphibolite facies condition Karmakar et al., 2011; Maji et al., 2008; Mukherjee et al., 2017; Sanyal & Sengupta, 2012; Sanyal et al., 2007) .
| The Gangpur Schist Belt
The GSB is subdivided into a southern Upper Bonai/Darjing Group and a northern Gangpur Group of rocks separated by a horizon of deformed conglomerate of the Raghunathpalli stage (Figure 1a,b) . The Gangpur Group comprises pelitic and psammitic schists, quartzite, deformed conglomerate, metamorphosed marl and dolomite, and talctremolite schist intruded by mafic dykes/sills and granitoid bodies. The granites are associated with quartz and tourmaline veins (Kanungo & Mahalik, 1972) . The supracrustal sequence was subject to polyphase deformation with the earliest folds (F 1 ) being easterly plunging and of reclined geometry. These were coaxially refolded to an antiform (F 2 ) closing to the east (Banerjee, 1968) . The F 1 -F 2 folds were overprinted by F 3 gentle folds having N-S-trending vertical axial planes (Chaudhuri & Pal, 1983) . Naik and Naik (2006) suggested that the Gangpur sequence forms an overturned synclinorium. The overall metamorphic grade of the rocks varies from greenschist to amphibolite facies (Chowdhury, 2002 ) and geothermobarometric studies indicate peak metamorphic conditions in the range of 5-6 kbar and 500-700°C (Bhattacharya et al., 2016; Vishwakarma & Sengupta, 1997) . The major tectonothermal activity in the Gangpur Group is of Neoproterozoic age (c. 1.0-0.96 Ga; Bhattacharya et al., 2016; Chowdhury & Lentz, 2011) . The Upper Bonai/Darjing Group overlies the Iron Ore Group and the Bonai Granite of the Singhbhum craton. The unit comprises subarkosic sandstone, conglomerate, schist, slate, phyllite, carbon-phyllite, and dolomitic limestone and is intruded by the c. 2.8 Ga Tamperkola granite and acid volcanic rocks (Bandyopadhyay, Chakrabarti, Deo Murari, & Misra, 2001; Mahalik, 1987) .
| ANALYTICAL TECHNIQUES
The major element compositions of minerals were measured on a Cameca SX-100 Electron Probe Micro Analyser (EPMA) at the Department of Geology and Geophysics, Indian Institute of Technology (IIT), Kharagpur. The operating conditions were 15 kV accelerating voltage, and 15 nA beam current. Dwell times were set at 10 s on the peak and 5 s on the background. Calibration was done using natural and synthetic mineral standards. The data are listed in Table S2 . In situ U-Th-Pb chemical dating of monazite was done using the same EPMA operating at an accelerating voltage of 20 kV and beam current of 150 nA. Spot selection was guided by back scattered electron (BSE) images and U-Th-Y X-ray element maps of the internal structures of the monazite. The Kα lines of Si and Al and the Lα line of Y were measured on TAP; Ca-Kα, Th-Mα, and U-Mβ were measured on PET; Fe-Kα, Pr-Lβ, Nd-Lβ, Sm-Lα, Gd-Lβ, Dy-Lα, and Ho-Lβ were determined on LIF, whereas P-Kα, Zr-Lα, La-Lα, Ce-Lα, and Pb-Mα were measured on a large PET crystal. The elements Si, Al, Fe, and P were counted for 10 s on the peak. Calcium, La, and Ce were measured for 20 s; Nd, Sm, Gd, and Y for 40 s; Dy and Ho for 60 s; Th and U for 200 s; and Pb for 300 s. Respective background intensities were measured on both sides of the peak for half the peak times. The Pb-Mα line was corrected for overlap from the second-and third-order reflections of Y-Lγ, whereas U-Mβ was corrected for interference from Th-Mγ, and Gd-Lβ was corrected for the interfering Ho-Lα. Aluminium, Th, and U were calibrated on standards of their respective oxides, whereas Ca and P were calibrated on apatite and Fe on hematite. The REEs were calibrated on standard REE glasses, Si on a Th-bearing glass, Zr on zircon, Y on Yttrium Aluminium Garnet, and Pb on pyromorphite. All spot analyses with >10% (2σ) error on the ages are taken to be unreliable and therefore discarded. Age probability/ histogram plots were constructed using Isoplot 4.15 (Ludwig, 2003) . Data quality was monitored by repeated measurements of an in-house reference monazite during the analytical sessions. This monazite dated by thermal ionization mass spectrometry at 483 ± 1 Ma gave an age of 484 ± 26 Ma (2σ, n = 40). The data along with the apparent spot ages are given in Table S3 .
Uranium-lead (U-Pb) isotope dating of zircon was done using a Laser Ablation Inductively Coupled Plasma Mass Spectrometer (LA-ICP-MS) at the Department of Geology and Geophysics, IIT, Kharagpur. Zircon grains were separated using bromoform, mounted, and polished. Cathodoluminescence (CL) and BSE images of the grain interiors were obtained using a JEOL JSA 6490 Scanning Electron Microscope at the Department of Geology and Geophysics, IIT Kharagpur. The images were used as guides for spot selection. The U-Pb isotope measurements were done on a Thermo-Fisher Scientific iCAP-Q quadrupole ICP-MS attached to a New Wave 193 ArF Excimer laser ablation system. The laser was operated at 5 Hz repetition rate, 5 J/cm 2 beam energy density, and 25-40 μm spot size.
The ICP-MS was optimized for maximum sensitivity on Pb, Th, and U using the NIST 612 reference glass. The oxide production rate monitored on 232 Th 16 O was found to be in the range of 0.6-0.8%. The analyses were performed in time-resolved mode with each analysis consisting of 30 s background measurement and 40 s peak signal measurement. External standardization was done by bracketing groups of 10 unknowns with three measurements of the GJ-1 reference zircon (Jackson, Pearson, Griffin, & Belousova, 2004) . The data quality was monitored by analysing the 91500 and Plešovice reference zircon (Sláma et al., 2008; Wiedenbeck et al., 1995) 204 Pb counts were unusually high (much higher than gas blanks) and the common Pb content >5% were discarded. Concordia diagrams and age probability/histogram plots were constructed using Isoplot 4.15 (Ludwig, 2003) . The U-Pb isotope ratios and ages are listed in Table S4 . Trace element measurements in garnet were done using the same LA-ICP-MS setup with ablation conditions of 5 Hz repetition rate, 5 J/cm 2 beam energy density, and 50 μm spot size. The ICP-MS was optimized for maximum sensitivity on Li, Co, In, Th, and U using the NIST 612 reference glass. The analyses were performed in time-resolved mode with each analysis consisting of 30 s background measurement and 40 s peak signal measurement. External standardization was done by bracketing groups of 10 unknowns with two measurements of the NIST 612 reference glass. The data quality was monitored by analysing the NIST 610 reference glass as unknown interspersed with the measurements of the samples. Accuracy and precision as determined from repeat analyses of the NIST 612 and NIST 610 glasses are better than 7% (2σ) and 10% (2σ) respectively.
| Field relations
In the Gangpur Group metasedimentary rocks, tight to isoclinal folding of the bedding planes (S 0 ) produced an axial planar schistosity (S 1 ) during D 1 deformation (Figure 2a-c) . The F 1 folds are occasionally overturned and with gently dipping northern limbs and steeply dipping southern limbs ( Figure 2d ). The S 0 -S 1 composite was tightly folded (F 2 ) during D 2 deformation producing the S 2 schistosity (Figure 2b ,c). The axial planes of the F 2 folds are eastwest and the fold axes plunge both in northerly and southerly directions. The S 2 foliation plane is gently folded producing a spaced cleavage (S 3 ) (Figure 2e ,f). Pelitic schists have developed porphyroblasts of biotite, garnet, and staurolite. Two large deformed granitoid plutons (Ekma and Itma) with enclaves of schists outcrop in the western part of the belt (Figures 1a and 2g ). The granites are cut across by quartz and tourmaline-bearing pegmatite veins (Figure 2h) . At the contact with the CGC, the size of the garnet porphyroblasts in the pelites increases (Figure 2i ). In the Upper Bonai/Darjing Group rocks, the dominant foliation plane is S 2 (Figure 2j ). The axial planes of the folds are east-west and the fold axes plunge towards south. In comparison to their Gangpur Group counterpart, the The sample GNG-63 from the Bonai Granite pluton comprises quartz, plagioclase, perthitic alkalifeldspar, chlorite, sericite, clinozoisite/epidote, and garnet and is classified as tonalite. It is a foliated rock with the tectonic fabric defined by stretched recrystallized quartz grains showing undulose extinction, and aligned epidote/clinozoisite replaced by chlorite. The epidote and clinozoisite have overgrown plagioclase. Garnet has formed from epidote and both minerals are replaced by chlorite. The rock has undergone extensive lowtemperature, fluid-induced alteration as seen from extensive sericitization of plagioclase grains, and alteration and coarsening of plagioclase exsolution lamellae in K-feldspar (Engvik, Putnis, Fitz Gerald, & Austrheim, 2008; Mondal, Upadhyay, & Banerjee, 2017; Plümper & Putnis, 2009 ).
| Upper Bonai/Darjing Group schists and quartzites
The Upper Bonai Group schists (GNG-57, 68, and 69) contain muscovite+biotite+quartz+chlorite+ilmenite±garnet± plagioclase±staurolite (Figure 3a isoclinal folding of the bedding plane (S 0 )-schistosity (S 1 ) composite with the development of an axial planar S 2 fabric in Gangpur Group schists; (d) overturned F 1 folds with gently plunging northern limbs and steeply plunging southern limbs; (e, f) gentle folds on the S 2 foliation producing a spaced cleavage (S 3 ); (g) schist enclave in Ekma granite pluton in the Gangpur Group; (h) Quartz-and tourmaline-bearing pegmatite intrusive into the Ekma granite pluton; (i) Gangpur Group pelitic schist with porphyroblasts of garnet and staurolite; (j) Upper Bonai/Darjing Group schist with folds on deformed quartz veins. The pervasive foliation plane is S 2 ; (k) staurolite and garnet porphyroblasts in the Bonai Group metapelites; (l) garnet-and tourmaline-bearing pegmatitic granites intrusive into Bonai supracrustal rocks also contain quartz inclusion trails that are parallel to those in the Grt 1 (Figure 3a ,c). This suggests that both Grt 1 and staurolite have overgrown the S 1 fabric, and are pre-tectonic with respect to the deformation that produced the S 2 foliation. The later garnet (Grt 2 ) is Mn-and Ca-poor (Alm 78-81 Sps 4-2 Prp 10 Grs 6-5.5 ), free of mineral inclusions, and usually occurs as a mantle on Grt 1 with a sharp contact between the two (Figures 3a,b, 4a and 5a). However, individual grains of Grt 2 are also recognized which invariably overgrow the biotite+muscovite-defined S 2 foliation ( Figure 3d ). The Grt 2 -staurolite contact is embayed with the garnet truncating the S 1 inclusion trail in the staurolite, indicating that Grt 2 has grown at the expense of staurolite ( Figure 3a ). The two garnet types also have distinctive trace element chemistries with Grt 1 characterized by higher Y and heavy rare earth element concentrations compared to Grt 2 ( Figure 6a ). Plagioclase is of andesine composition (An 32-35 ). Rare schist samples (e.g., GNG-8) contain clusters of fibrolitic sillimanite intergrown with muscovite and quartz ( Figure 3e ). These are possibly pseudomorphs after staurolite (e.g., Guidotti, 1968; Kwak, 1974) . Textural relations suggest that the Upper Bonai schists have undergone two major metamorphic episodes with Grt 1 and staurolite having grown during an early M 1B metamorphism and Grt 2 stabilizing at the expense of staurolite during a later M 2B metamorphism. Quartzites from the Upper Bonai Group near the Singhbhum craton contact (sample GNG-66) mostly comprise quartz with minor amount of microcline and plagioclase. They are deformed with quartz grains stretched into lenticels and showing undulose extinction. The quartz lenticels have undergone extensive recrystallization to a finer-grained polygonized mosaic along grain boundaries. The clay cement has recrystallized to fine aggregate of sericite. The quartzites from near the Gangpur Group contact (e.g., sample GNG-1B) have bimodal distribution of quartz grain size. The larger fragments are rounded, and comprise an aggregate of polycrystalline grains set in a matrix of polygonized finer grained quartz. The tectonic foliation is defined by fine-grained aligned muscovite in the matrix.
| Upper Bonai/Darjing Group granites
The Upper Bonai metasedimentary rocks are intruded by coarse-grained to pegmatitic granites. One such granite body to the south of Garpos was sampled. The rock (GNG-9) contains quartz, K-feldspar, muscovite, plagioclase, garnet, and tourmaline ( Figure 7a) . A weak preferred orientation of muscovite (X Pg = 0.04-0.06, X Cel = 0.08-0.11, X Ms = 0.79-0.84, Ti = 0.02-0.04 apfu) indicates that the granites have experienced deformation. Garnet is almandine-rich (Alm 77-78 Sps 14-16 Prp 3-4 Grs 1 ) and replaced by Fe-rich chlorite (X Fe = 0.87-0.91) along fractures and grain boundaries. Plagioclase is of oligoclase composition (X An = 0.24-0.27). They are pitted, clouded, and porous and partially replaced by sericite ( Figure 7b ). Coarsegrained tourmaline is of schorl composition and displays prominent compositional zoning of Mg and Ca. On the basis of their mineralogy and bulk rock chemistry, the pegmatitic granites are classified as S-type and plot in the field of volcanic arc granite in tectonic discrimination diagram (Pearce, Harris, & Tindle,1984) (Figure 8a ,b).
| Gangpur Group schists and quartzites
The Gangpur Group schists (e.g., GNG-33, 34A, 40A, 72A, 86A) comprise muscovite+quartz+plagioclase+il-menite+chlorite±biotite±garnet±staurolite±tourmaline . The pervasive tectonic fabric (S 2 ) is defined by aligned muscovite (X Pg = 0.23-0.82, X Cel = 0.07-0.13, X Ms = 0.10-0.62, Ti = 0.01 apfu) and stretched quartz grains ( Figure 3g ). Garnet, biotite, and staurolite occur as mm-sized (2-3 mm) porphyroblasts. Two textural and compositional varieties of garnet are identified. The earlier garnet (Grt 1 : Alm 59-70 Sps 27-10 Prp 2-4.5 Grs 11-15 ), which forms the core of porphyroblasts, is Mn-rich with abundant S 1 F I G U R E 3 Backscattered electron (BSE) images documenting microtextural relations in schists from the Upper Bonai (a-f) and Gangpur (g-o) Groups: (a) garnet porphyroblast with two generations of garnet (earlier Grt 1 and later Grt 2 ) associated with porphyroblastic staurolite. Quartz inclusion trails in Grt1 and staurolite are at high angles to the biotite+muscovite+quartz-defined S 2 foliation. The Grt 2 -staurolite contact is embayed with the garnet truncating the S 1 inclusion trail in staurolite; (b) garnet porphyroblast with quartz inclusion trails in Grt 1 at high angle to the S 2 foliation. The Grt 2 mantle on Grt 1 overgrows the S 2 foliation; (c) staurolite porphyroblast with quartz inclusion trails at high angles to the S 2 fabric; (d) individual grains of Grt 2 overgrowing the S 2 foliation; (e) clusters of fibrolitic sillimanite intergrown with muscovite and quartz possibly pseudomorphs after staurolite; (f) monazite included in Grt 1 and Grt 2 that was dated using EPMA; (g, h) garnet porphyroblast with two generations of garnet (earlier Grt 1 and later Grt 2 ) in Gangpur Group schist. The Grt 1 has abundant S 1 inclusion trails of quartz, tourmaline and ilmenite at high angles to the S 2 foliation. The two garnet types are also found as individual grains with textural relations suggesting Grt 1 to be pre-tectonic and Grt 2 syn-to post-tectonic with respect to the S 2 fabric; (i, j) staurolite porphyroblasts with two sets of inclusion trails of quartz. One set defines tight to isoclinal folds on the S 1 foliation and the other set is oriented along the axial planes of the folds and is parallel to the matrix S 2 foliation; (k) biotite porphyroblasts overgrowing staurolite and containing them as inclusions; (l) inclusion trails of muscovite and quartz in biotites aligned along the S 2 schistosity; (m) retrograde chlorite replacing biotite and Grt 2 along the margins; (n) staurolite inclusions in cm-sized garnet porphyroblast in schists at the contact with the CGC; (o) Monazite inclusions in Grt 1 and Grt 2 inclusion trails of quartz, tourmaline, and ilmenite (X Ti = 0.50, X Fe 2þ = 0.49), at high angles to the S 2 foliation (Figure 3g,h ). It is compositionally zoned with Mn decreasing, and Ca, Fe, and Mg increasing from core to rim (Figures 4b,c and 5b ). This garnet is characterized by high Y and heavy rare earth element concentrations (Figure 6b,c) .
In contrast, the later garnet (Grt 2 : Alm 74-87 Sps 7-1 Prp 6-10 Grs 12-1 ) is Mn-poor, usually devoid of inclusions, and forms a mantle around Grt 1 with a sharp boundary (Figures 3g, h and 4b, c) . It has lower Y and heavy rare earth element concentrations (Figure 6b,c) . The two garnet types are also found as individual grains with textural relations suggesting Grt 1 to be pre-tectonic and Grt 2 syn-to post-tectonic with respect to the S 2 fabric (Figure 3h ). Staurolite (X Fe = 0.83-0.86) porphyroblasts are highly sieved and contain two sets of inclusion trails of quartz (Figure 3i,j) . One set defines tight to isoclinal folds on the S 1 foliation and the other set is oriented along the axial planes of the folds (Figure 3i ). This axial planar schistosity is parallel to the matrix S 2 foliation (Figure 3i,j) . This suggests that staurolite was stable during the deformations that produced the S 1 and S 2 fabrics. Biotite porphyroblasts are Fe-rich (X Fe = 0.53-0.60, Ti = 0.07-0.08 apfu) and have overgrown staurolite, containing them as inclusions (Figure 3i,k) . The biotite also contains inclusion trails of muscovite and quartz aligned along the S 2 schistosity, suggesting that biotite growth is syn-to post-tectonic with respect to the S 2 foliation (Figure 3l ). Plagioclase is albite in composition (An 3-9 ). Retrograde chlorite (X Fe = 0.54-0.59) has replaced biotite and Grt 2 along the margins (Figure 3m ). Tourmaline of schorl composition occurs within the main tectonic foliation plane as well as inclusions in the porphyroblast phases (Figure 3n ). The textural relations described above indicate that the Gangpur Group schists have also undergone at least two major events of metamorphism with pre S 2 Grt 1 and staurolite having grown during an early M 1G metamorphism, and Grt 2 and biotite having formed during a later M 2G metamorphism. This is also supported by monazite age data discussed later.
At the contact with the CGC, the metamorphic grade of the Gangpur schists (e.g., sample GNG-40A) increases with biotite (X Fe = 0.61-0.56, Ti = 0.07-0.1 apfu) becoming stable in the pervasive fabric along with quartz and muscovite ( Figure 3n ). The diameter of garnet porphyroblasts increases to cm-scale. Staurolite (X Fe = 0.84-0.85) is found as inclusions within Grt 1 together with tourmaline ( Figure 3n) . Its composition is similar to the porphyroblastic staurolite in the hinterland schists. The plagioclase becomes more anorthiterich (An 30 ) and the garnet composition as well as zoning pattern also changes. Grt 1 (Alm 81-82 Sps 6-4 Prp 8-8.5 Grs 5-4.5 ) becomes more pyrope-and almandine-rich and spessartinepoor, while Grt 2 (Alm 83 Sps 2-0.5 Prp 9.5-8.5 Grs 5-7 ) becomes grossular-rich (Figures 4d and 5c ). The bell-shaped Mn profile of Grt 1 becomes flatter and the pyrope content of Grt 2 decreases towards the rims (Figure 5c ).
The quartzites of the Gangpur Group (e.g., sample GNG-58D) contain weakly recrystallized quartz with some grains displaying undulose extinction. The tectonic foliation is defined by aligned muscovite flakes. The complete absence of feldspar and the well sorted and rounded nature of the quartz grains indicate high textural and mineralogical maturity of the sediments. At places, the quartzites are gritty with fragments of polycrystalline quartz.
| Gangpur Group granites and metagabbro
The granites and pegmatites of the Ekma and Itma plutons 17 , and 73) have typical S-type mineralogy comprising perthitic alkalifeldspar, quartz, muscovite, biotite, plagioclase, garnet, and tourmaline ( Figure 7c ). The garnet is almandine-and spessartine-rich both in the granites (Alm 72-73 Spess 22-21 Py 1-1.5 Grss 4 ) and in the pegmatites (Alm 54-55 Spess 42-41 Py 0.4 Grss 2.1 ). It lacks any compositional zoning and is texturally not associated with biotite or muscovite which suggests an igneous origin. The muscovite (X Pg = 0.04-0.06, X Cel = 0.25-0.27, X Ms = 0.68-0.70, Ti = 0.007 apfu) and biotite (X Fe = 0.74-0.75, Ti = 0.1 apfu) show preferred orientation defining a weak foliation plane. Rims of plagioclase grains show replacement by albite and sericite (Figure 7d ,e). The granites and pegmatites have S-type chemistry and plot in the field of volcanic arc and syn-collisional granites (Pearce et al., 1984) (Figure 8a,b) .
Metagabbro/amphibolites occur as E-W bands near the contact with the CGC south of Jaldega. They contain magnesiohornblende, plagioclase, titanite, and epidote. The hornblende has pseudomorphed clinopyroxene with the rock still preserving relicts of the ophitic texture of the precursor gabbro. Plagioclase grains are compositionally zoned with an anorthite-rich core (An 78 -An 83 ) surrounded by a labradorite (An 62-65 ) mantle. The sharp interface between the two zones and the pseudomorphic nature of the mantle suggests that it has replaced the core through a coupled dissolution-reprecipitation process (Figure 7f ). Titanite and epidote are usually present as inclusions in plagioclase and hornblende. In Th/Yb versus Nb/Yb tectonic discrimination diagram (Pearce, 2008) , the gabbros display volcanic arc signature (Figure 8c ).
| Granite gneiss/granite from the CGC
The orthogneiss sample GNG-89 consisting mostly of quartz, microcline, plagioclase, and biotite is characterized by a gneissic banding, defined by biotite-rich layers alternating with quartzofeldspathic layers. The quartz grains are strained and display lobate-cuspate grain boundaries due to bulging and subgrain rotation recrystallization. Quartz as well as microcline grains display 120°triple junctions, indicative of high temperature annealing of the rock. In the biotite-rich domains, two sets of tectonic fabrics defined by aligned biotites at high angles to each other can be seen.
The granite sample (GNG-26C) consists of perthitic alkalifeldspar, K-feldspar, quartz, plagioclase, muscovite, and biotite. Quartz grains have undergone weak bulging recrystallization and display undulose extinction. The plagioclase shows alteration to sericite. The biotite grains show a preferred orientation which defines the tectonic fabric.
Compositionally, the CGC granites and gneisses display S-type chemistries (Figure 8a ) and volcanic arc signatures (Figure 8b ).
| Mineral paragenetic relations and conventional thermobarometry
The mineral paragenetic history and P-T conditions of metamorphism of the GSB rocks were established from Grt+St+Bt+Ms+Chl+Pl+Qz±Sil±Ilm schists. The Upper Bonai/Darjing Group schist GNG-69A is a low-Al (X Al = 0.16, X Fe = 0.62) pelite which must have originally contained the assemblage Chl+Ms+Qz+Kfs with bulk composition in the KFMASH (K 2 O, FeO, MgO, Al 2 O 3 , SiO 2 , and H 2 O) system. The growth of biotite and Mn-rich garnet in the rock can be explained by the model reactions:
The appearance of staurolite can be related to the reaction:
At peak P-T conditions, the M 1B metamorphism stabilized the assemblage Grt 1 +Bt+St+Ms+Pl+Qz.
During the M 2B metamorphism, the breakdown of staurolite produced Grt 2 and sillimanite via the model reaction:
This produced the peak P-T M 2B assemblage of Grt 2 +Bt+Sil+Ms+Pl+Qz.
Iron-Magnesium exchange thermometry using Grt 1 and chlorite (Ghent & Stout, 1987) pairs gives temperatures of 557 ± 14°C. The garnet-staurolite thermometer (Perchuk, 1991a (Perchuk, , 1991b ) yields temperatures of 541 ± 35°C for Grt 1 core and staurolite, and 583 ± 5°C for Grt 1 rim and staurolite pairs. Garnet-biotite thermometry (Holdaway, 2000) using Grt 2 -matrix biotite pairs gives temperatures of 552 ± 33°C, whereas the Garnet-Muscovite-PlagioclaseQuartz (GMPQ) thermobarometer (Wu & Zhao, 2006) furnishes P-T values of 4.8 ± 1 kbar and 521 ± 17°C using Grt 2 compositions. Average P-T calculations on the M 2 assemblage of Grt 2 +Bt+Sil+Pl+Qz using the THERMOCALC program gives P-T conditions of 7.4 ± 0.8 kbar, 649 ± 28°C. The Gangpur Group garnet+staurolite+biotite+mus-covite+plagioclase+tourmaline+ilmenite schist (GNG-34) sampled away from the contact with the CGC is an intermediate-Al (X Al = 0.32), low-Ca pelite with X Fe (~0.68) similar to that of average pelite. Its bulk composition can be approximated by the KFMASH system. The Fe-and Al-rich nature of the bulk composition suggests that chloritoid should have been a stable phase at greenschist facies conditions. However, chloritoid was not encountered in thin sections of the rock.
The appearance of Grt 1 can be attributed to the reaction:
The plagioclase is dominantly albite (Ab 91 -Ab 97 ) and may have formed from the paragonite component of muscovite via the model reaction:
The growth of staurolite can be attributed to the model reaction:
At peak P-T conditions, the stable assemblage during the M 1 metamorphism (M 1G ) consisted of Grt 1 +St+Ms+Ab+Tur.
The M 2G metamorphic event led to the stabilization of the assemblage Grt 2 +Bt+Ms+Pl±St at peak P-T conditions. The appearance of biotite porphyroblasts in the rock can be explained by breakdown of staurolite via the reaction:
Garnet-biotite thermometry (Holdaway, 2000) using the composition of Grt 1 core and biotite porphyroblasts gives 346 ± 35°C, whereas Grt 1 rim and biotite pairs furnish temperatures of 406 ± 24°C. In contrast, garnet-biotite thermometry using Grt 2 and biotite compositions gives 528 ± 14°C. Garnet-ilmenite thermometry (Pownceby, Wall, & O'Neill, 1987 ) using a lone ilmenite inclusions in Grt 1 gives 494°C. The garnet-staurolite thermometer (Perchuk, 1991a (Perchuk, , 1991b furnishes 438 ± 18°C and 547 ± 22°C for Grt 1 rim-staurolite and Grt 2 -staurolite pairs respectively. The GMPQ thermobarometer yielded P-T values of 8.1 ± 2.1 kbar and 429 ± 35°C and 8 ± 1.3 kbar and 501 ± 23°C using Grt 1 rim and Grt 2 compositions respectively. Average P-T values recovered from the THERMOCALC programme (Powell, Holland, & Worley, 1998) using the peak M 1G assemblage of Grt+Ms+Pl+Chl+Qz is 7.6±0.6 kbar and 529±2°C, whereas the peak M 2G assemblage of Grt 2 +St+Ms+Pl+Bt+Chl+Qz yields P-T condition of 5.7 ± 1.3 kbar and 612 ± 15°C.
At the contact with the CGC, the low-Al pelite (X Al = 0.08, X Fe = 0.67) GNG-40A has staurolite inclusions in Grt 1 . This implies that the M 1G metamorphic grade at the contact is above the staurolite stability field. The demise of staurolite in the rock can be explained by the reactions: 
Garnet-staurolite thermometry using composition of Grt 1 and staurolites included in them yields 493 ± 6°C. Garnetbiotite thermometry on Grt 2 and rim biotite compositions gives 605 ± 40°C, whereas the GMPQ thermobarometer furnished P-T conditions of 6.1 ± 0.5 kbar and 524 ± 12°C. Average P-T values calculated by the THERMOCALC for the M 2G assemblage Grt 2 +Bt+Ms+Pl+Qz is 7.8±0.7 kbar, 706 ± 25°C. For the amphibolites at the GSB-CGC contact, the amphibole-plagioclase barometric formulation by Bhadra and Bhattacharya (2007) gives estimates in the range of 12 ± 2.2 kbar. The hornblende-plagioclase thermometer (Holland & Blundy, 1994 ) yields 797 ± 25°C.
| Pseudosection modelling and metamorphic P-T path
The P-T conditions and path of metamorphism of the Upper Bonai/Darjing and Gangpur Group schists were constrained using the pseudosection approach. For the constructions of the pseudosections, the PERPLE_X_6.7.2 computer program (Connolly, 2005 (Connolly, , 2009 ) running with the internally consistent thermodynamic database of was used. Given the pelitic nature of the bulk compositions, the system MnNCKFMASTH (MnO-Na 2 O-CaO-K 2 OFeO-MgO-Al 2 O 3 -SiO 2 -TiO 2 -H 2 O) was chosen. The whole-rock compositions were taken as the bulk composition and it was assumed that the considered bulks represented the initial composition of the rocks (Cutts et al., 2010 [q] . The a-X solution models adopted are: Gt(GCT) for garnet (Ganguly, Cheng, & Tirone, 1996) , St(HP) for staurolite, Ctd(HP) for chloritoid (White, Powell, Holland, & Worley, 2000) , TiBio(HP) for biotite (Powell & Holland, 1999) , Chl(HP) for chlorite (Holland, Baker, & Powell, 1998) , Mica(CF) for muscovite (Chatterjee & Froese, 1975) , feldspar for ternary feldspar (Fuhrman & Lindsley, 1988) , IlGkPy for ilmenite. Quartz and H 2 O were assumed to be in excess. The intersections of the isopleths of garnet were used to constrain the P-T conditions and trajectory during the prograde growth of porphyroblastic garnet. This approach has two major limitations: (a) the effective bulk composition from which the garnet porphyroblasts grew may change due to sequestration of components into their cores where they are effectively isolated from the rest of the rock (Evans, 2004) ; (b) the prograde F I G U R E 8 Tectonic discrimination diagrams for granites and basalts: (a) Zr versus Ga/Al diagram for granites (Whalen, Currie, & Chappell, 1987) showing that the CGC granites/gneisses as well as the Upper Bonai and Gangpur Group granites/pegmatites have S-type affinity. Note that the felsic rocks of the Dalma metaigneous belt (data from Bhattacharya et al., 2015) are not A-type as was claimed by the authors; (b) Rb versus Nb+Y diagram for granites by Pearce et al. (1984) with the CGC granites/gneisses and the Upper Bonai and Gangpur Group granites/pegmatites displaying affinities to volcanic arc or syn-collisional granites. The Dalma felsic volcanic rocks also display arc signature (data from Bhattacharya et al., 2015) ; (c) Th/Yb versus Nb/Y diagram of Pearce (2008) with the Gangpur Group metagabbro and Dalma basalts (data from Chakraborti & Bose, 1985; Roy, Sarkar, Jeyakumar, Aggrawal, & Ebihara, 2002) displaying arc signatures chemical zoning may get modified by diffusive reequilibration (Caddick, Konopasek, & Thompson, 2010) . The magnitude of these effects depend on parameters such asd P-T conditions, dT/dt, bulk chemical composition, growth rate and duration, and the grain size and can be readily recognized by the tightness of the intersection between the compositional isopleths. If the isopleth intersections are wellconstrained for both core and rim garnet compositions, then crystal fractionation during garnet growth can be assumed to be insignificant (Evans, 2004; Vance & Holland, 1993) . Since, the diffusion rates of cations such as Fe, Mn, Mg, and Ca through the garnet lattice will be different, diffusive modification of the primary growth zoning profile is also expected to increase scatter in the intersection between the compositional isopleths. For the garnet porphyroblasts in schists of the GSB, the compositional isopleths by and large have well-constrained intersections (within ±0.53 kbar and ±13°C) suggesting that crystal fractionation was insignificant and that diffusive reequilibration has not modified the prograde growth zoning (see below). Hence, the use of garnet isopleth thermobarometry to retrieve the P-T paths of the rocks is justified. The errors on the P-T values obtained from the intersection of the isopleths depend on the uncertainities in the thermodynamic data set of the minerals, the activity-composition relationships, and the effective bulk composition (Connolly & Petrini, 2002; Palin, Weller, Waters, & Dyck, 2016; Powell & Holland, 2008) . For conventional thermobarometry, the estimated uncertainities are generally thought to be within ±1 kbar and ±50°C (Palin et al., 2016; Powell & Holland, 2008) . However, in the absence of any robust procedure for propagating errors during the computation of phase boundaries and composition isopleths in case of pseudosection modelling, we report only the scatter (95% confidence) in the P-T values of the isopleth intersections.
In the garnet-staurolite-biotite-muscovite-sillimanite schist (GNG-69) from the Upper Bonai Group, the isopleths of X Mg and X Mn of Grt 1 core and rim intersect at 5.0 ± 0.12 kbar, 619 ± 13°C and 5.6 ± 0.12 kbar, 623 ± 10°C respectively which constrains the growth of Grt 1 along a prograde P-T path in the Grt+St+Bt+Pl+Ms+Ilm field (Figure 9a ). The path is consistent with a decrease of spessartine and increase of pyrope from core to rim of Grt 1 . For the M 2B event, the intersection of the isopleths of X Mg , X Mn , and X Ca of Grt 2 shows that the pelite underwent metamorphism along a counter clockwise P-T path from 6.4 ± 0.12 kbar, 632 ± 9°C to~8.3 kbar, 730°C in the Grt+St+Bt+Pl+Ms+Ilm through Grt+St+Bt+Pl+Ms+Si-l+Ilm to the Grt+Bt+Pl+Ms+Sil+Ilm field.
The KFMASH phase topology and the intersection of the isopleths of X Mn and X Fe in the Gangpur Group garnet+stau-rolite+biotite+muscovite+plagioclase+ilmenite schist (GNG-34) indicates that Grt 1 started growing at~3.3 kbar and 503°C in the Grt+Ms+Pg+Pl+Chl+Ilm field (Figure 9b ).
The core to rim X Mn and X Fe zoning profile of Grt 1 suggests a prograde P-T path characterized by near isothermal loading (3.3 ± 0.5 kbar, 503 ± 3°C→5.1 ± 0.20 kbar, 528 ± 2°C) with peak M 1G assemblage of Gr+Cld+Ms+Pg+Pl+Chl+Ilm. This is consistent with the bell-shaped growth zoning profile seen in Mn and the increasing grossular and pyrope content from core to rim of Grt 1 . The sense of the P-T path is not clear from the pseudosection analysis. The intersection of the isopleths of X Fe and X Mn of Grt 2 suggests that the growth of Grt 2 commenced at P-T conditions of 5.6 ± 0.20 kbar and 546 ± 2°C. The isopleths of X Fe and X Mn of Grt 2 become parallel at higher temperatures. Therefore, the P-T conditions of the formation of Grt 2 rim was constrained using the intersection of the isopleths of X Fe and X Mg . For the M 2G metamorphism, a segment of a clockwise P-T path involving isobaric heating in the Grt+Cld+Ms+Pg+Pl+Chl+Ilm and Grt+St+Pg+Ms+ Pl+Chl+Ilm fields followed by heating and decompression (5.6 ± 0.20 kbar, 546 ± 2°C →~4.7 kbar, 610°C) from the Grt+St+Bt+Ms+Pg+Pl+Chl to the Grt+Bt+Ms+Pl+ Sil+Ilm field is recovered.
In the Gangpur Group garnet-staurolite-muscovite-biotite schist sample (GNG-40A), from near the contact with the CGC, the presence of staurolite inclusions in Grt 1 indicates that garnet may have started growing in the Grt+St+Bt+Ms+Pl+Pg+Ilm field (Figure 9c) . The garnet preserves a weak growth zoning characterized by decreasing spessartine and increasing pyrope from core to rim. The isopleths of X Mn and X Mg of Grt 1 core intersect at higher P-T conditions (~5.1 ± 0.1 kbar and 624 ± 6°C) in the Grt+Bt+Ms+Pl+Sil+Ilm stability field and not in the Grt+St+Bt+Ms+Pl+Pg+Ilm field (Figure 9c ). This suggests that a significant segment of the prograde growth zoning profile is apparently not preserved in the garnet. This may be attributed to diffusive partial reequilibration of the original growth zoning during the later M 2G metamorphism. Alternatively, there is also a possibility that the garnet was not sectioned through the core centres. The zoning profile of Grt 1 furnishes a prograde P-T path for the M 1G metamorphism, similar to that in schists away from the CGC contact.
For the M 2 metamorphism, the Grt 2 zoning profile furnishing a clockwise P-T path with peak P-T conditions of 7.6 ± 0.18 kbar and 665 ± 5°C in the Grt+Bt+Ms+Pl+Ilm stability field. The P-T conditions recovered from the garnet isopleth thermobarometry are in good agreement with those retrived from multiequilibrium thermobarometry using the Thermocalc program.
| Monazite geochronology
Monazite from seven schists (GNG-6, 8, 46C, 47A, 49A, 68, and 69A), one quartzite (GNG-3), and a pegmatitic granite (GNG-9) of the Upper Bonai/Darjing Group and eight schists 20, 33, 34, 37, 40 , 72A, and 86A), three granites (GNG-11, 17, 73C), and one pegmatite (GNG-73B) of the Gangpur Group were dated using the EPMA. The BSE and X-ray element images of selected grains are illustrated in Figures 10 and 11 . The results are listed in Table S3 and described below.
| Upper Bonai Group schists
Monazite occurs in a variety of textural setting in the Upper Bonai Group schists. It is found as inclusions in Grt 1 , Grt 2 , and staurolite porphyroblasts as well as in the pervasive tectonic foliation (S 2 ). The ages recovered from analysing 150 spots in 90 grains from samples GNG-6, 8, 46C, 47A, 49A, 68, and 69A can be separated into four age populations at 1,555 ± 12 Ma, 1,446 ± 13 Ma, 1,359 ± 15 Ma, and 990 ± 41 Ma using the age unmix function (Sambridge & Compston, 1994) in Isoplot 4.15 (Ludwig, 2003) (Figure 12a) . Monazite grains occurring as inclusions in Grt 1 give ages corresponding to the c. 1.56 Ga population (Figures 3f, 10a and 11a) . In contrast, monazite included in Grt 2 dominantly furnish c. 1.45 Ga ages which are from domains rimming 1.56 Ga cores (Figures 3f and 10b) . Matrix monazite gives all four age populations with the 1.45 Ga domains rimming the 1.56 Ga zones (Figures 10e,h and 11b) , and the 1.36 Ga domains rimming both the 1.56 Ga and the 1.45 Ga | 131 zones (Figure 10f,g ). The c. 0.99 Ga monazite occurs as small isolated grains in the S 2 foliation (Figure 10i ). Compositionally, the 1.56 Ga monazite is Y-poor (Y 2 O 3 =0.7-1.0 wt%) compared to the 1.45 Ga type (Y 2 O 3 = 1.5-1.9 wt %) (Figure 11a-c) .
| Upper Bonai/Darjing Group granite
Monazite is scarce and small (20-30 μm across) in the pegmatitic granite sample GNG-9. Most grains occur as inclusions in quartz and feldspar grains. They do not display any visible zoning in BSE images. Five spot analyses from different grains furnish an age of 1,325 ± 38 Ma which is identical to the 1,359 ± 15 Ma age population found in monazite from the schists (Figure 12b ).
| Gangpur Group schists and quartzites
Monazite is found as inclusions in garnet and staurolite porphyroblasts as well as within the pervasive tectonic foliation of the Gangpur Group schists 20, 33, 34A, 40A, 72A, and 86A 
| Gangpur Group granite/pegmatite
Monazite grains in the Gangpur Group granites/pegmatites (GNG-11A, 17, 73A, 73B) have diameters in the range of 40-50 μm and occur as inclusions in quartz and biotite. They usually display concentric oscillatory zones due to variation in Th (ThO 2 = 13.1-5.0 wt%) and Y (Y 2 O 3 = 1.5-0.8 wt%) concentrations (Figures 10q,r and 11f) . However, all grains yield identical ages that define a single population at 962 ± 5 Ma (Figure 12d ).
| Zircon geochronology
Uranium-Pb dating of zircon was done on a sample of the Bonai granite (GNG-63), two quartzites of the Upper Bonai/Darjing Group (GNG-1B, 66), a pegmatitic granite (GNG-9) of the Upper Bonai/Darjing Group, one Gangpur Group quartzite (GNG-58D), and one Gangpur Group granite (GNG-73). In addition, zircon from a sample of granite gneiss (GNG-89) and a granite enclave (GNG-26C) in the gneisses of the CGC was also dated. Representative BSE/ CL images of the zircon grains are shown in Figure 13 and the data listed in Table S4 and described below.
| Bonai Granite (Singhbhum Craton)
Zircon grains show extensive alteration with oscillatory growth zones partially overprinted by porous patchy domains ( Figure 13 , grains 1-4). In several grains, selected (possibly U-rich) concentric zones have been pseudomorphically replaced by porous and pitted zones by a fluid-assisted reequilibration process (Geisler, Schaltegger, & Tomaschek, 2007; Kusiak, Dunkley, Słaby, Martin, & Budzy′n, 2009; Ranjan, Upadhyay, Abhinay, Pruseth, & Nanda, 2018) (Figure 13, grains 3 and 4) . The U-Pb spot analyses furnish concordant as well as discordant ages. The domains with relict oscillatory growth zoning give ages that define a concordia population at 3,370 ± 10 Ma which is taken to as the emplacement age of the Bonai granite ( Figure 13 , grain 1, 3; Figure 14a ,b). Three other minor concordant age populations at 3,033 ± 38 Ma, 2,809 ± 29 Ma, and 2,531 ± 22 Ma were obtained from featureless domains that truncate the growth zoned domains ( Figure 13 , grains 2, 4). These ages are interpreted to be dating low-grade metamorphic/hydrothermal overprints (Geisler et al., 2007; Kusiak et al., 2009; Ranjan et al., 2018) . Similar but less precise Pb-Pb isochron ages of 3.3-3.1 Ga were reported from the Bonai granite by Sengupta et al. (1991) .
| Upper Bonai/Darjing Group quartzite
Detrital zircon in Upper Bonai/Darjing Group quartzite from near the contact with the Bonai granite (sample GNG-66) furnishes a wide range of ages. The 207 Pb/ 206 Pb spot ages from concordant domains define four populations in age probability/histogram plots. A majority of the grains give ages that define populations at 3,136 ± 4 Ma (52%), 3,255 ± 6 Ma (30%), and 3,441 ± 6 Ma (17%) (Figure 14c,d ). The oldest and the youngest detrital grains give ages of c. 3.58 and c. 1.69 Ga. Most of these ages are from domains that display oscillatory growth zoning, suggestive of an igneous provenance of the sediments ( Figure 13 , grains 5, 6, 7, and 8) (Gerdes & Zeh, 2009; Upadhyay et al., 2014; Vavra, Gebauer, Schmid, & Compston, 1996) . Zircon in Upper Bonai/Darjing Group quartzite from close to the contact with the Gangpur Group (sample GNG-1B) furnishes 207 Pb/ 206 Pb age populations at 1,646 ± 5 Ma (52%), 1,740 ± 8 Ma (20%), 2,454 ± 7 Ma (13%), and 2,532 ± 8 Ma (14%) (Figure 14e,f) . The c. 1.64 and c. 1.74 Ga ages are from detrital zircon grains displaying oscillatory growth zoning ( Figure 13 , grains 9, 10, 11), while the 2.45-2.53 Ga ages are from zircon with weak CL or with patchy zonation (Figure 13, grain 12 ). This indicates a mixed igneous and metamorphic provenance for the sediments.
| Upper Bonai/Darjing Group granite
Zircon is scarce in the pegmatitic granite (sample GNG-9) from the Upper Bonai/Darjing Group. In BSE images, most grains show evidence of extensive fluid-induced alteration with irregular patches of trace element-poor zircon replacing the igneous oscillatory zoned domains along fractures as well as along specific growth zones (Figure 13, grains 13, 14, 15, 16) . The altered patches are characterized by extremely high common Pb and the presence of inclusions of thorite, and do not provide any meaningful age information. The U-Pb isotope data from the relatively pristine domains with igneous zoning define a concordant population at 1,477 ± 14 Ma while domains that are featureless, i.e., that do not display any zoning, furnish concordant age populations at 1,353 ± 26 Ma and 1,056 ± 19 Ma (Figure 14g,h) . Accordingly, the 1,477 ± 14 Ma age population is interpreted as the emplacement age of granite and the 1,353 ± 26 Ma and 1,056 ± 19 Ma ages to be dating metamorphic overprints on the rock.
| Gangpur Group quartzite
Detrital zircon from the Gangpur Group quartzite GNG-58D is euhedral and furnishes concordant as well as discordant ages between 3.20 and 1.65 Ga. The majority of the concordant ages cluster at 1,650 ± 5 Ma (86%) with just a few ages of 1.73, 2.55, and 3.20 Ga (Figure 15a,b) . The c. 1.65 Ga age population is mostly from grains with igneous oscillatory zonation ( Figure 13, grains 18, 19) . In some grains, these zones are replaced by narrow (a few μm wide) fractured and porous in situ formed metamorphic rims (Figure 13, grain 20) . Most zircon grains, however, preserve their original zoning and age information. The 2.55 Ga ages are from domains showing weak oscillatory or patchy and chaotic CL zoning ( Figure 13, grain 17) . A significant number of discordant analyses have 206 Pb/ 238 U ages that cluster at 1,437 ± 7 Ma and at 951 ± 12 Ma (Figure 15a ).
| Gangpur Group granite
Zircon from a sample of the Ekma granite (GNG-73C) has complicated internal structures. Most grains show evidence of extensive alteration and reequilibration of igneous domains. The altered zones are porous and pitted with inclusions of thorite and characterized by patchy zonation (Figure 13 , grains 21, 22, 23). They replace the oscillatory zoned igneous zircon pseudomorphically. In some grains, the igneous domains have been almost completely pseudomorphed with only small patches of the original zircon surviving ( Figure 13 , grains 22, 23). These textures are suggestive of zircon reequilibration by a coupled dissolution-reprecipitation process. The U-Pb ages define two major concordia populations at 1,648 ± 9 Ma and 982 ± 16 Ma (Figure 15c ). Similar age populations (1,641 ± 18 Ma and 987 ± 29 Ma) are obtained by unmixing of the 207 Pb/ 206 Pb ages of concordant analyses (Figure 15d) . The 1,648 ± 9 Ma age population is from relict igneous zones in the zircon and is interpreted to be dating the emplacement of the granite pluton (Figure 13 grains | 137 22, 24). The reequilibrated patchy domains have extremely high common Pb content. Meaningful ages could be recovered from just a few spot analyses. These define a concordia cluster at 982 ± 16 Ma. This age is interpreted to be dating reequilibration of zircon during an early Neoproterozoic metamorphic overprint. Spot ages of 1.75 and 2.57 Ga obtained from two zircon grains are probably of inherited origin.
| CGC granite gneiss and granite
Zircon ages from granite (sample GNG-26C) furnish four concordia age clusters (Figure 15e,f) . Magmatic domains with clear growth zoning give ages that define a concordant population at 1,643 ± 4 Ma (91% of the concordant spots) (Figure 13, grains 25, 27) . The oscillatory zoned domains are truncated and overprinted along the margins by patches from which the igneous growth zoning has been erased ( Figure 13 , grains 26, 28). Such metamorphic domains yield concordia ages of 1,426 ± 9 Ma and 1,031 ± 42 Ma age. Several of the discordant analyses of the rims as well of core regions furnish 206 Pb/ 238 U ages clustering at 990-967 Ma indicating disturbance of the UPb isotope system during an early Neoproterozoic metamorphic overprint. An older age of 2,670 ± 23 Ma obtained from one zircon grain is possibly of inherited origin. Zircon ages from granitic gneiss (GNG-89) of the CGC define two concordia age populations (Figure 15g,h) . A majority of the concordant analyses (87%) define a concordia age of 1,623 ± 6 Ma. These ages are retrieved from core regions of grains which preserve oscillatory growth zones (Figure 13, grains 29, 30, 31, 32) , and is interpreted to be dating the emplacement of the gneiss protolith. The igneous zones are truncated and overprinted by featureless U-rich patchy zircon domains that yield a concordant age (11% of population) of 1,430 ± 26 Ma ( Figure 13 , grain 32), similar to the gneisses. A significant number of discordant analyses have 206 Pb/ 238 U ages that cluster at 967 ± 15 Ma (Figure 15h ).
| DISCUSSION
| P-T-t history of the GSB metasediments
Petrographic studies integrated with geothermobarometry, pseudosection modelling, and U-Th-Pb zircon and monazite geochronology establish that the GSB rocks are polydeformed and polymetamorphosed. The supracrustal rocks of the Upper Bonai/Darjing Group underwent their first metamorphism (M 1B ) at amphibolite facies conditions with peak P-T conditions of 5.7 ± 0.1 kbar and 623 ± 10°C.
The 1,556 ± 12 Ma ages obtained from monazite included in Grt 1 dates this metamorphic event. The metasedimentary rocks underwent their second metamorphism (M 2B ) along a counter clockwise P-T path with peak P-T conditions of 8.3 kbar and 730°C, i.e., upper amphibolite facies conditions. The timing of this metamorphism is constrained at 1,446 ± 13 Ma determined from monazite included in Grt 2 . Monazite ages also reveal the presence of two minor overprints at 1,369 ± 15 Ma and 990 ± 41 Ma on the Upper Bonai/Darjing Group supracrustal rocks.
The Gangpur Group rocks underwent their first metamorphism (M 1G ) at lower amphibolite facies conditions (peak P-T conditions of 5.1 ± 0.2 kbar, and 528 ± 2°C). The timing of this event can be constrained at 1,445 ± 15 Ma from monazite ages measured on grains included in Grt 1 . Thus, the M 1G metamorphism of the Gangpur Group rocks was synchronous with the M 2B metamorphism of the Upper Bonai/Darjing Group metasedimentary rocks. The Gangpur Group rocks were affected by a major metamorphic overprint (M 2G ) during the early Neoproterozoic. Monazite ages from schists and quartzites constrain this event at 969 ± 4 Ma. Pseudosection modelling suggests that this metamorphism followed a clockwise P-T trajectory with peak P-T conditions of~4.7 kbar and 610°C. At the contact with the CGC, the M 2G metamorphic grade increases with peak P-T conditions of 7.6 ± 0.17 kbar and 665 ± 5°C. The Grenville-age metamorphism had little effect on the Upper Bonai/Darjing Group supracrustal rocks with a few small monazite grains in the S 2 foliation recording spot ages of 990 ± 41 Ma.
| Timing of granitoid magmatism and metamorphism of granitic bodies
The 1,477 ± 14 Ma ages from igneous zircon in pegmatitic granite to the south of Garpos dates granitic magmatism in the Upper Bonai/Darjing Group. The granitoid emplacement was synchronous with M 2B metamorphism of the Upper Bonai/Darjing Group supracrustal rocks and the M 1G metamorphism of the Gangpur Group metasedimentary rocks. The zircon internal microtextures indicate that the granite body has undergone extensive fluid-induced alteration (Geisler et al., 2007; Kusiak et al., 2009; Upadhyay et al., 2014) . The altered featureless patches within the grains provide ages of 1,353 ± 26 Ma and 1,056 ± 19 Ma which are similar to the 1,369 ± 15 Ma and 990 ± 41 Ma ages obtained from monazite in the supracrustal rocks. The c. 1.36 Ga population is also seen in a few grains from the Gangpur Group metasedimentary rocks. The 1,353-1,359 Ma and 990-1,056 Ma ages can be interpreted to be the effects two low-grade, fluid-controlled events that caused dissolution-reprecipitation and reequilibration of zircon and monazite.
In the Gangpur Group, igneous zircon from the Ekma granite constrains the granite magmatism at 1,648 ± 9 Ma. The 982 ± 16 Ma ages from the reequilibrated patchy domains in the zircon date Grenville-age metamorphic overprint which was synchronous with the M 2G metamorphism of the Gangpur supracrustal rocks. This event was also coeval with the intrusion of veins and pegmatites which fluxed the granites with fluids leading to extensive alteration and reequilibration of igneous zircon and monazite through a coupled dissolution-reprecipitation process. The oscillatory zoned monazite which furnishes an age of 962 ± 5 Ma possibly crystallized from the pegmatitic fluids/melts.
| Temporal evolution of the Chhotanagpur granites/granite gneisses
The zircon ages from the CGC granite and gneiss samples suggest that the unit was intruded by voluminous felsic magmas at 1.64-1.62 Ga. This event marked the emplacement of the regionally expansive granitoid protoliths of the Chhotanagpur gneisses and was coeval with the emplacement of the Ekma and Itma granitoid plutons in the Gangpur Group of rocks. Chatterjee and Ghose (2011) reported crystallization age c. 1,697 Ma for porphyritic granites at Gaya in the north-western part of the gneiss complex. Broadly similar ages of 1.87-1.50 Ga have been reported for granitoids in the Mahakosal supracrustal belt (Dhurandar, Latha, & Krishna, 2005; Roy & Devarajan, 2000; Sarkar, Bodas, Kundu, Mamgain, & Shankar, 1998) . Bora et al. (2013) obtained zircon ages of 1,758-1,750 Ma for the Jhirgadandi granite pluton in Mahakosal belt, while Saikia et al. (2017) reported ages of 1.70-1.60 Ga for granites from the Bathani Volcano Sedimentary sequence at the northern margin of the CGC. The granitoid magmatism was followed by deformation and migmatization of the plutons to produce charnockitic gneisses in an arc setting Rekha et al., 2011; Sanyal & Sengupta, 2012) . The high-grade deformation and metamorphism led to the formation of the regional S 1 gneissic fabric in the CGC rocks. The zircon ages also indicate that the granite gneisses were affected by metamorphic overprints at c. 1.43 Ga and 1.03-0.96 Ga. The Mesoproterozoic overprint is synchronous with the emplacement of A-type felsic orthogneisses (c. 1.45 Ga) in the Deoghar-Dumka area in the eastern part of the gneiss complex . The early Neoproterozoic 1.03-0.96 Ga ages can be correlated with the Grenville-age high-grade metamorphism accompanied by regional deformation and granite magmatism that pervasively affected a large part of the CGC (Acharyya, 2003; Chatterjee et al., 2010; Maji et al., 2008; Rekha et al., 2011; Sanyal & Sengupta, 2012; Sanyal et al., 2007) .
| Provenance and timing of deposition of the GSB sediments
The detrital zircon ages from quartzites indicate multiple provenances for the Upper Bonai/Darjing Group sediments. The sediments deposited close to the Bonai Granite margin were sourced mostly from the Singhbhum craton. This is evident from the dominance of 3.58-3.13 Ga zircon in the quartzites from the region (Goswami et al., 1995; Misra et al., 1999; Mukhopadhyay et al., 2008; Upadhyay et al., 2014) . In contrast, the sediments deposited further north in the basin, in the vicinity of the Gangpur Group were derived from younger (1.64-2.53 Ga) provenances. The youngest detrital zircon and the oldest metamorphic monazite age populations bracket the deposition of the Upper Bonai/Darjing Group sediments between c. 1.64 and c. 1.56 Ga.
The Gangpur Group sediments were mostly derived from c. 1.65 Ga igneous sources with minor contribution from 3.20 to 1.73 Ga provenances. Thus, the sediments in the northern parts of the Upper Bonai/Darjing Group had a similar source as that of the Gangpur Group. The Gangpur Group sediments can be argued to have been deposited between c. 1.65 and c. 1.45 Ga based on the ages of the youngest detrital zircon and the oldest metamorphic monazite age populations. The Gangpur Group granite bodies therefore form the basement of the Gangpur basin.
The dominance of c. 1.65 Ga and 1.74-1.73 Ga detritus in the Gangpur and Upper Bonai Group sediments suggests that the CGC was the major source of the sediments deposited in the Gangpur basin.
| Correlation with the North Singhbhum
Mobile Belt and the CITZ Monazite age data establish that both the Upper Bonai/Darjing Group and the southern domain of the North Singhbhum Mobile Belt underwent their first metamorphism at c. 1.56 Ga Rekha et al., 2011) . Mahato et al. (2008) have reported monazite ages clustering at c. 1.41 Ga from schists in the southern domain of the North Singhbhum Mobile Belt. These ages are correlatable with the c. 1.45 Ga monazite ages interpreted to be dating the M 2B metamorphism of the Upper Bonai/Darjing Group of rocks. Mahato et al. (2008) have also reported several monazite ages clustering at c. 1.38-1.34 Ga from the schists. These are identical to the c. 1.37 Ga monazite ages attributed to the effects of lowgrade, fluid-controlled overprint on the Upper Bonai/Darjing Group schists. Clearly, both the Upper Bonai/Darjing Group and the southern domain of the North Singhbhum Mobile Belt have had a shared geological history since the Mesoproterozoic. In the Gangpur Group, the Grenville-age of the major upper amphibolite facies metamorphism is synchronous with that in the northern domain of the North Singhbhum Mobile Belt Rekha et al., 2011) . Also, the late Palaeoproterozoic age of the Ekma and Itma granites in the Gangpur Group are identical to the c. 1.64 Ga age of the Kuilapal granite (Sengupta et al., 1994) and the c. 1.63 Ga age of felsic volcanic rocks of the Dalma metaigneous belt (Bhattacharya, Nelson, Thern, & Altermann, 2015; Reddy & Evans, 2009 ). It appears reasonable, therefore, to suggest that the Upper Bonai/Darjing and the Gangpur Groups of rocks are the westward extensions of the northern and southern domains of the North Singhbhum Mobile Belt respectively. The mafic and felsic igneous rocks of the Dalma metaigneous belt, which separates the northern and southern domains of the North Singhbhum Mobile Belt, have clear volcanic arc affinity (Figure 8) . Thus, as suggested by Rekha et al. (2011) , the Dalma metaigneous belt represents a volcanic arc marking the accretion zone between the northern and southern domains of the North Singhbhum Mobile Belt. The E-Wtrending bands of metagabbro/amphibolite within the Gangpur Group also have volcanic arc signature and may be the remnants of the westward extension of the Dalma arc.
The geological evolution of the GSB is also comparable to other units of the CITZ. Bhandari et al. (2011) have reported c. 1.60 Ga ultrahigh temperature metamorphism in the Bhandara-Balaghat Granulite domain of the CITZ. The magmatic protolith of the Tirodi biotite gneiss was emplaced at 1,603 ± 23 Ma, synchronous with granitoid intrusive activity in the Gangpur Group and the CGC. The metamorphic recrystallization of the Tirodi gneisses at 1,572 ± 7 Ma was contemporaneous with granulite facies metamorphism of the Ramakona-Katangi gneisses at c. 1.52 Ga and the first metamorphism of the Upper Bonai Group metasedimentary rocks (this study). Broadly coeval (c. 1.60 Ga) granulite grade metamorphism and felsic magmatism has been dated in the Shillong-Meghalaya plateau at the eastern extremity of the CITZ (Chatterjee, Mazumdar, Bhattacharya, & Saikia, 2007; Yin et al., 2010) . The Bhandara-Balaghat Granulites underwent terminal metamorphism at 1.47-1.42 Ga. This event is synchronous with the M 2B and M 1G metamorphism respectively of the Upper Bonai and Gangpur Groups, and the emplacement of pegmatitic granites in the Upper Bonai Group. The Grenvillian metamorphism of the Gangpur Group of rocks can be correlated with continent-continent collision and granulite facies metamorphism of the rocks of Sausar mobile belt at 1.0 Ga and with transpressional tectonics during oblique collision along the Tan-Gavilgarh Shear Zone at 1.1 Ga (Chattopadhyay & Khasdeo, 2011) . The CGC also underwent a pervasive Grenville-age high-grade metamorphism accompanied by regional deformation and granite magmatism (Acharyya, 2003; Chatterjee et al., 2010; Maji et al., 2008; Rekha et al., 2011; Sanyal & Sengupta, 2012; Sanyal et al., 2007) . Broadly similar early Neoproterozoic (c. 1.10 Ga) ages have also been reported from the ShillongMeghalaya plateau .
| Correlation with TNCO and COWA
The TNCO is a Palaeoproterozoic orogen along which the Eastern and the Western Blocks of the North China Craton amalgamated in the Palaeoproterozoic (Kröner, Wilde, Li, & Wang, 2005; Kröner, Wilde, O'Brien, et al., 2005; Santosh, 2012; Santosh, Liu, Shi, & Liu, 2013; Zhao, Cawood, Wilde, & Lu, 2001; Zhao, Sun, Wilde, & Li, 2005; Zhao, Wilde, Cawood, & Lu, 1998 Zhao, Wilde, Cawood, & Sun, 2001; Zhao et al., 2004 Zhao et al., , 2008 . In palaeogeographic reconstructions of the Columbia supercontinent (e.g., Zhang et al., 2012; Zhao et al., 2004) , the CITZ has been proposed to be continuous with the TNCO (Figure 16 ). The transcontinental status of the CITZ was generally accepted, however, the actual positions of the Eastern and the Western Blocks of the North China Craton vis-à-vis the Northern and Southern Indian Blocks is widely debated (e.g., . The crustal assembly with the Eastern Block of the North China Craton positioned adjacent to the Southern Indian Block with the TNCO continuous with either the western or eastern (Santosh, 2012) end of the CITZ is thought to be best compatible with existing geological information (e.g., Li et al., 2015) .
The geological history of the TNCO involved deposition of the Songjishan and the Lower Zhongtiao Group of the Zhongtiao Complex between 2.25 and 2.17 Ga followed by subduction and closure of an ocean between Eastern and Western blocks of North China Craton at 1.88-1.82 Ga causing continent-arc-continent collision and high-P subductionexhumation that led to the development of syn-collisional Huijiazhuang gneiss at 1,832 ± 11 Ma in the Lüliang Complex, central TNCO (Zhao, Sun, Wilde, Li, & Zhang, 2006; Zhao et al., 2008) . This major Palaeoproterozoic tectonism culminated with the emplacement of Luyashan charnockite at 1,815 ± 5 Ma, and post collisional Tangershang granite at 1,790 ± 14 Ma Zhao et al., 2006 Zhao et al., , 2008 . In the GSB, the earliest tectonothermal activity is recorded at c. 1.56 Ga, while in the neighbouring CGC, the oldest metamorphism is dated at 1.74-1.65 Ga. The other major tectonic and magmatic events affecting the GSB and the CGC are Mesoproterozoic to Neoproterozoic in age. In contrast, the tectonothermal evolution of the TNCO is largely restricted to the Palaeoproterozoic. Elsewhere in the CITZ, although Deshmukh et al. (2017) have reported a Palaeoproterozoic (1.8-1.6 Ga) metamorphic event from the Mahakosal belt, this is temporally younger than that in the TNCO. Thus, the geological events that have shaped the Indian subcontinent, recorded in the CITZ between 1.65 and 0.9 Ga are conspicuously absent in the geochronological record of the TNCO. It appears reasonable, therefore, to conclude that the CITZ is unlikely to be the extension of the TNCO.
The COWA developed due to convergence and oblique collision of the Pilbara and Yilgarn cratons between 2.0 and 1.80 Ga (Bagas, 2004; Myers, 1993) . The major tectonothermal events recorded in this orogen include the Capricorn and Yapungku orogenesis at 1,800-1,760 Ma, Mangaroon orogeny at 1,680-1,620 Ma and Edmundian orogeny at 1,050-750 Ma (Nelson, 1998 (Nelson, , 2001 (Nelson, , 2002 Occhipinti, Sheppard, Myers, Tyler, & Nelson, 2001; Occhipinti, Sheppard, Nelson, Myers, & Tyler, 1998; Sheppard, Occhipinti, & Nelson, 2005; Wingate & Giddings, 2000) . However, the Neoproterozoic Edmundian orogeny in the COWA was intra-cratonic while that in the CITZ involved continent-continent collision. It thus appears that the CITZ and COWA record similar Palaeoproterozoic but contrasting Neoproterozoic histories (e.g., Mohanty, 2012) . Whether the two orogens can be correlated requires further petrological and geochronological studies and better palaeogeographic constraints.
| India as part of the Columbia and
Rodinia supercontinents and the formation of the Greater Indian Landmass
There is increasing geological and palaeomagnetic evidence that the major landmasses on Earth assembled to form the Columbia and Rodinia supercontinents in the Proterozoic (Bradley, 2011; Li et al., 2008; Rogers & Santosh, 2002 Zhao, Cawood, Simon, & Sun, 2002; Zhao, Cawood, Wilde, et al., 2002; Zhao et al., 2004) . In palaeogeographic reconstructions of the Columbia supercontinent (e.g., Zhao, Cawood, Simon, & Sun, 2002; Zhao, Cawood, Wilde, et al., 2002; Zhao et al., 2004) , proto-India is juxtaposed against East Antarctica with the Napier Complex of East Antarctica having collided with the Dharwar Craton and the Ongole Domain of the Southern Indian Block India at c. 1.60 Ga (Dasgupta, Bose, & Das, 2013; Harley, Fitzsimons, & Zhao, 2013; Upadhyay, Gerdes, & Raith, 2009 ). Broadly, coeval orogenic events and accompanying felsic magmatism between 1.72 and 1.55 Ga have been reported from several other Proterozoic mobile belts of Peninsular India such as the GSB (present study), the North Singhbhum Mobile Belt Reddy & Evans, 2009; Rekha et al., 2011; Sengupta et al., 1994) , the Aravalli-Delhi Mobile Belt (Bhowmik, Saha, Dasgupta, & Fukuoka, 2009; Bhowmik et al., 2010; Buick, Allen, Pandit, Rubatto, & Hermann, 2006; Saha, Bhowmik, Fukuoka, & Dasgupta, 2008; Sarkar, Ray Barman, & Corfu, 1989) , the CGC (Chatterjee & Ghose, 2011; Dey et al., 2017; Rekha et al., 2011; Sanyal & Sengupta, 2012; Saikia et al., 2017) , and the Shillong-Meghalaya plateau Yin et al., 2010) . Clearly, these continental fragments of the Northern and Southern Indian Blocks share a common 1.72-1.55 Ga geological history which supports the idea that at least these units may already have been stitched together by the early Mesoproterozoic.
In many palaeogeographic reconstructions of the Rodinia supercontinent at c. 1.0 Ga (e.g., Dalziel, 1997; Hoffman, 1991; Moores, 1991) , proto-India is juxtaposed against East Antarctica. This has been challenged by some studies which argue that India either was not a part of Rodinia or was adjacent to the northwestern margin of Australia at 755-750 Ma (Fitzsimons, 2000; Powell & Pisarevsky, 2002; Torsvik, Ashwal, Tucker, & Eide, 2001; Torsvik, Carter, et al., 2001) . Bhowmik et al. (2010 Bhowmik et al. ( , 2012 argued that the final amalgamation of the Northern and Southern Indian Blocks took place during Grenville-age orogeny along the CITZ and that proto-India was not a single coherent block at the time of its incorporation within Rodinia. However, the gamut of available geochronological data shows that major crustal domains of both the Northern and Southern Indian Blocks such as the Eastern Ghats Belt, the Cauvery Shear Zone system, and the Madurai Block in the northern Southern Granulite Terrane, the Aravalli-Delhi Mobile Belt, the Malyagiri Supracrustal Belt at the southern margin of the Singhbhum Craton, the Sausar Mobile Belt, the GSB, the North Singhbhum Mobile Belt, the CGC, and the Shillong-Meghalaya plateau of the CITZ as well as crustal units in East Antarctica (e.g., Rayner Complex) underwent early 
| Summary and tectonic reconstruction
Our study provides the following constraints for any tectonic model of crustal accretion across the Singhbhum craton-GSB-CGC:
1. The Gangpur basin is sandwiched between the 3.37 Ga Bonai granite of the Singhbhum craton in the south and c. 1.65 Ga granite gneisses of the CGC in the north. 2. The sediments in the southern part of the basin were derived from the Singhbhum craton, whereas those in the northern part of the basin were derived dominantly from the CGC. Sedimentation in the basin is estimated to have taken place between c. 1.65 and c. 1.45 Ga. The metamorphic and geochronological constraints presented in our study are consistent with a three-stage accretion model for the Singhbhum craton, the GSB/NSMB and the CGC (Figure 17 ). Northward Pacific-type subduction of the oceanic lithosphere on which the Gangpur and NSMB basins would later develop, beneath the CGC, led to the emplacement of the magmatic protoliths of the Chhotanagpur gneisses as well as the EKMA and ITMA granite plutons at c. 1.64 Ga in an arc setting (Figures 8b and 17a) . The northward subduction of the Singhbhum craton oceanic lithosphere at >1.64 Ga created the Dalma volcanic arc. The earliest collision-accretion event at c. 1.56 Ga involved the amalgamation of the Upper Bonai Group with the Singhbhum craton in an Andean type arc-continent collision thereby forming the Singhbhum craton-Dalma arcUpper Bonai Group composite (Figure 17b ). This was followed by accretion of the Gangpur Group with the Singhbhum Craton-Dalma arc-Upper Bonai Group composite at c. 1.45 Ga (Figure 17c ). Compression and crustal thickening led to partial melting of metasedimentary rocks producing the S-type pegmatitic granites of the Upper Bonai Group. Finally at c. 0.96 Ga, the CGC accreted with the Singhbhum Craton-Dalma arc-Upper Bonai Group-Gangpur Group crustal unit during an Alpine type continent-continent collision. This event was associated with emplacement of pegmatitic granites in the Gangpur Group and the CGC (Figure 17d ). This final amalgamation event marked the switch over from a Pacific type tectonic setting to an Alpine-type collisional one at the margin of the CGC during the assembly of the Rodinia supercontinent.
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